In this issue of the JCI, Anderson et al. (5) report on the coinfusion of purified CD4 + memory T cells in an MHCmatched, miHA-disparate, T celldepleted murine HSCT model. Their results conclusively show that unpurified CD4 + T cells cause GVHD, while the memory cells (defined here as CD44 + -CD62L -CD4 + T cells) do not. Furthermore, memory CD4 + T cells taken from a donor immunized to chicken γ-globulin (CGG) retain their CGG-specific memory when the recipient of those memory T cells is immunized with CGG. In other words, these CD44 + -CD62L -CD4 + memory T cells remember how to respond to antigens to which they were primed but have "forgotten" how to react to allogeneic miHAs that are the targets of GVHD mediated by unfractionated or naive CD4 + T cells.
Clinical transplantation of hematopoietic stem cells (HSCs) was first successful in 1968 (1, 2) and has provided life-saving therapy for potentially fatal diseases. These include acquired marrow aplasia, inherited dysfunction of hematopoietically-derived elements, and the iatrogenic marrow failure caused by supra-lethal chemo-or radiotherapy in the treatment of neoplasms. The goal of HSCT is stable engraftment of donorderived hematopoietic cells, allowing them to differentiate and function normally, while not causing destruction of host tissues by donor-derived immune cells, resulting in GVHD.
The presence of minor histocompatibility antigen (miHA) disparities between allogeneic individuals may induce GVHD, even when donor and recipient are matched at all MHC loci. Immunosuppressive drugs given after HSCT, or T cell depletion of the graft, can decrease the incidence and severity of GVHD (3). However, in the absence of mature T cells, many months are required to re-create an intact T cell immune system (4), leaving the recipient at great risk for opportunistic infection while a new T cell system arises from HSCs and undergoes thymic education ( Figure  1 ). The ability to infuse donor T cells that protect against infection and provide an antineoplastic effect, while excluding those T cells responsible for damaging normal tissues (observed in Pleasant memories: remembering immune protection while forgetting about graft-versus-host disease
Figure 1
The donor graft contains both mature immune cells and primitive HSCs. T cells facilitate engraftment, protect against infection, and mediate an antileukemic effect. However, they may also initiate GVHD, a potentially fatal transplant complication. HSCs restore hematopoiesis and native immunity, the latter process requiring education of immune cells in the host thymus.
ory T cell population. If so, the present study would suggest that the degeneracy of TCR recognition (6) does not extend to a cross-reactivity between the environmental antigens to which the donor's T cells have been primed and the miHAs on allogeneic tissues of the host in this model system. It is essential that the GVHD-inducing potential of CD44 + CD62L -CD4 + memory T cells be examined in a variety of other miHAand MHC-mismatched donor-host murine strain combinations. It seems likely that CD44 + CD62L -CD4 + memory T cells will still mediate GVHD in MHC-disparate hosts. This is because of the strength of the spontaneous T cell response to MHC-incompatible tissue and the postulated immunologic cross-reactivity between allogeneic MHC molecules and environmental antigens being presented by autologous MHC molecules (7) .
Effector capabilities of CD44 + CD62L -CD25 -CD4 + memory T cells Alternatively, it remains possible that the CD44 + CD62L -CD4 + memory T cells retain their ability to recognize miHAs but are missing the ability to mediate important effector functions involved in the initiation of GVHD. Using the landmark studies and memory cell differentiation pathways described by Lanzavecchia, Sallusto, and colleagues (8, 9) , the population of CD44 + CD62L --CD25 -CD4 + memory T cells selectively infused by Anderson et al. (5) would be designated "effector memory cells" (Figure 2, lower left) . These differ from the "activated effector cells" (Figure 2 , upper right) by their less frequent expression of activation markers (i.e., CD25, CD49d, and CD69), and they differ from the central memory cells (Figure 2 , upper left) by their loss of CD62L (L-selectin) and loss of CCR7, a chemokine receptor that facilitates homing to central lymphoid tissues. Thus the CD44 + CD62L -CD4 + effector memory T cells are considered to be terminally differentiated cells that mediate some effector functions in the peripheral tissues but do not readily proliferate and do not induce central lymphoid activation (8, 10) . In the absence of the other three T cell populations shown in Figure 2 , these cells might not be potent inducers of tissue destruction because of their in vivo pattern of distribution (8) (9) (10) , or the nature of the cytokines they release. These CD44 + CD62L -CD4 + effector memory T cells appear to secrete more IFN-γ, IL-4, and IL-10 (inhibitory cytokines), and less IL-2 (an activating cytokine), than do central memory T cells (10) .
Therefore the demonstration of retained CGG-induced proliferation by donor-derived reconstituted CD44 + -CD62L -CD4 + effector memory T cells in the host (5) does not necessarily translate to retention of protective immunity. It will be important to determine whether the retained CD44 + CD62L -CD4 + effector memory T cells from a donor immunized to pathogenic infection can mediate protective immunity to a challenge of the pathogen after HSCT (11, 12) .
Presently, the major indication for allogeneic HSCT is the treatment of chronic myeloid leukemia and high-risk acute leukemias. The importance of a graftversus-leukemia (GVL) effect (13, 14) has been documented by the higher risk of leukemic recurrence after T cell-depleted HSCTs, and the successful treatment of post-HSCT relapse with donor lym- phocyte infusions (15) . Retaining the GVL effect while eliminating GVHD has been an elusive clinical goal. Additional testing is needed to determine whether CD44 + CD62L -CD4 + effector memory T cells might retain GVL activity, and whether specific immunization strategies of the donor might enhance transfer of protective immunity and GVL.
Translation to clinical testing
Finally, as pointed out by the authors (5), "if these murine results are applicable to human alloSCT, selective administration of memory T cells could greatly improve post-transplant immune reconstitution." Before this is attempted clinically, murine CD44 + CD62L --CD4 + effector memory T cells still need to be tested in other strain combinations, evaluated for transfer of protective immunity, and tested for GVL potential. In addition, the immune capabilities of human CD44 + CD62L --CD4 + effector memory T cells must be studied in vitro and in adoptive transfer models (i.e., in immunodeficient or humanized mice) to determine whether their behavior parallels that of murine CD44 + CD62L -CD4 + T cells.
There is still much to do before we can forget about GVHD. The work of Anderson et al. (5) may be an important step toward that goal.
